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Vp until Explorer VI, satellites have traveled through the 

earth's atmosphere frun a -um perigee of 99 miles (Discoverer I) 

to a maximum apogee of 2,453 miles (Vanguazd I). Ibrplorer VI has, 

of come, greatly extended the maximum altitude attained by a 

satellite. %e purpose of this report is to sumarize the present 

state of knowledge fmDn the data gathered by rockets and satellites 

that were sent up during a d  after the IGY. We shall concern 

ourselves only with what is incident to the outer skin of a 

satellite anti its vehicle. 

Before 1946, the atmomere was studied with balloons up to 

30 km. High altitude rocket research began in the U. S. in 1945 

with the lam- of the WAC Corporal rocket developed by JPL. 

Rocket soundings began in 1946 and sampled the atmosphere can- 

pletely up to 100 Inn and sanewhat f m m  100 to 200 km. Before 

the beginning of the ICY on July 1, 1957, the U. S. fired 400 

rockets. Although upper air research is 13 years old, the o d y  

good quality data have cane fmn the IGY and since. 

In 1948, the RAHD Corporation published the first tables of 

upper atmosphere properties up to great altitudes. 

undertaken by G r h m i n g e r ,  was based on theoretical studies. 

=is work, 

After 

the first experimental results became available frcan hi& altitude 

rockets, new tables were presented in 1952. Today there are pub- 

lications on the upper atmosphere giving numerical estimates of 

atmospheric characteristics which axe based on satellite 

observations (1). 
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W i t h  re& to ewiroxxnental coIlditions, sane can be estimated 

fmm theory snd rocket soumlings but others must be evaluated frcm 

messurements on the satellite. 

the two major ones are meteorites and radiation. 

meteorites turns out to be no greater thas was expected. 

hazard fran radiation is a l i t t l e  mole serious thsn was expected 

With rem to hazards in space, 

%e hazsrd A.an 

B e  

(2)- 
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A. Density 

At the beg- of the Ihternational Geophysical Year the 

density aod temperature of the upper atnosphere were relatively 

w e l l  known below 100 Ism, and known w i t h  less precision up to 

200 km. Above 200 lon the properties of the ataosphere could 

only be eatbated by extrapolation fmm data  at lower altitudes. 

'fhese estimates were uncertainby factors of 100 at an altitude 

of 500 1 ~ n  ~ n d  104 at 1,000 ~rm.  (10) 

The ceiling on density measurements w a s  lifted to 700 km by 

the data fram Vanguard I which yielded values at that altitude 

with an uncertainty of a factor of 2. Other satellites before 

and after Vanguard I f i l led in the density curve at intermediate 

altitudes w i t h  the precision. aZe density at the hiaer 

altitude is considerably greater than was expected on the basis 

of almost a l l  previous rocket data. 

this came fran rocket data by Horowitz and IaGow (U) who made 

the first direct measurement in the 100-220 kilaneter region. 

They found density five times greater than expected. 

lbe first indication of 

mere is speculation that the upper atmosphere in the 

auroral zone is controlled by the intensity of particles in 

the outer Van Allen belt a d  has properties differ- entirely 

fran those of the atmosphere at the temperate and equatorial 

latitudes (10). 

atmospheric density shm a considerable discontinuity in the 

vicinity of latitudes 50% snd S, the northern value being almost 

twice as high as the southern value. 

There are mications that the average 
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A strong latitude dependence is one of the most interesting 

characteristics of density data obtained fran rocket flights 

during the IGP. 

daytime density at arctic latitudes is six times greater than 

the correspanding density at temperate latitudes. 

in the srctic zone depend on tibe season and time of day. 

altitude of 200 km, the northern atmosphere is two times heavier 

in the clay than at night, and two times heavier in the summer 

than in winter. (10) 

Measurements indicate that at 200 Inn the sUrmaRr 

Density values 

At an 

Satellite density data show large fluctuations in addition 

to systematic variations. 

bubbles in a very active manner, occasionally emitting large 

gusts of plasma and radiation into the solar system. It has 

been discovered by Jacchia of t h e  Harvard College Observatory 

that the apparently random fluctuations in density are actually 

proportional to the changes in the intensity of the 10-cm 

radiation frau the sun, which constitutes aa excellent measure 

of solar surface activity. Furthennore, the fluctuations show 

a tendency to repeat every 27 days, which is the period of 

rotation of the sun about its axis. %bus it appears that in 

addition to the heating and expansion of the alanosphere pro- 

duced by steady solar exposure there is M e r  heating caused 

by streams C- frapn definite spots on the surface of the 

sun that appear and d%sappear every 27 days in the course of 

its rotation. 

The surface of the sunboils and 
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!&e satellite results do not show the strong latitude depen- 

dence which appear8 in the rocket data. 

always give the density at the position of perigee and a 

Satellite measurements 

satellite therefore autanatically samples a broad range of 

latitudes during the course of the rotation of its perigee in 
a 

the p m  of the orbit. With Vanguaxd I, f o r  example, the 

latitude of perigee changes f’ran 33 degrees North to 33 degrees 

South every 41 day6. Altho- Vanguard I has been transmitting 

signals f o r  more than a ;year, the t m k i q  data have shown no 

significant changes thus far which can be correlated with 

latitude variations. aZe contrast between this result and the 

major latitude deperdence fn rocket data constitutes an out- 

stamling puzzle in the interpretation of the ICY data. 

Satellite drag neaauzwnents were made at altitudes between 

9he densities obtained for the lower alti- 180 snd 725 km (7). 

tudes are in general agreement with rocket results, when sea- 

sonal and latitude variations are considered. Taken together 

the satellite and rocket measurements show considerable 

variation in upper air densities w i t h  time of day and geographic 

position. 

above 200 km. 

‘Ihis appears to be particularly true for altitudes 

(See Fi- 1) 

Table I shows the densities fram 140 to 600 kilaaneters as 

derived by a model worked up to fit the density observations 

derived frau satellites (8). Figure 2 shovs a canparison of 
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these model values w i t h  those derived Arm the satellites. These 

values do not differ by more than a factor of 3 from the densities 

derived fmm rockets shown in Bible 2. 
* 

AXI earlier model (1) gave values ~ m r  90 to 800 hi. lhese 

values, shown in Table 3 ami F5gu-e 3, represent the first upper 

air tables based'on satellite observations. 

much leeway in constructing a model that w i l l  yield density 

values consistent w i t h  the satellite-derived values. As 

Dr. Jastrow has indicated, the uncertainty is about a factor 

of 2. 

asd Figure 3. 

those of Horowitz and IaGow (See Table 2). 

mere is not too 

%is is borne out if we caupare values frau Figure 2 

Also, these sues are not too different f r a u  

s u i n g  and stem (12) have presented a table of 
atmospheric densities derived fmn satellite data by various 

investigators for various altitudes (See Table 4). 
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TBble 1. Atmospheric Density Derived fran a Model Based 
on Observations Derived frcm Satellites 

C. A. Whitney (8) 

Geometric Log Density Density 
Height (Imp) d-3 m/-3 

140 -11.07 8.5 x lo’= 

175 -11.76 1.7 x lo-= 

200 -12.15 7.1 x 10-13 

250 -12.76 1.7 10-13 

300 -13.25 5.6 10-14 

400 

450 

500 

600 

-14.03 9.3 10-15 

-14.30 5.0 x 10-15 

41-65 2.2 10-15 

-15 18 6.6 x 
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-le 2. Density versus Altitude fmm 
Sumner-Day Auroral Zone Data 

R. Horowitz and E. E. Laoow (U) 

r, 

Altitude Density 
(km) (g /a3)  

7.2 x loou) 

1.3 x loom 
2.6 x looU 
6.4 x 

3.0 x lo-= 

1.9 x 10-12 

1.4 x loou 

1.1 x 10-12 

8.9 x 10-13 

7.9 x 10-13 

7.0 10-13 

6.2 10-13 
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Table 3. Atmospheric Density Derived fran a Model 
Based on Obsemtioas frcm Satellites. 
E. IC. Kallmsn and M. L. Juncosa (1) 

PreZght Density 
(Inn) (€3==/-3) 

90 4.0 x 10-9 

100 6.9 x 

150 6.1 x lo-= 

200 5.9 x 10-13 

250 

300 

350 

400 

450 

500 

7% 1.2 x 10-16 
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Table 4. Atmospheric Densities Derived by Various Investigators 
0. F. S c h i l l i n g  and T. E. Sterne (12) 

Height 
(Inn) 

656 
368 
368 
275 
241 
233 
232 25 
220 
220 
220 
220 
23.5 
212 
23.2 
U l i 4  
206 77 
2 0 2 9  
201 7 4  - 
200 
197 +1 
la6 - 

3.5 x 
1.5 x 
1.4 x 
8.5 
2.5 x i 0 - ~ 3  
2.2 x 10-13 
1.5 x 10- 13 ( 1 )  
5.7 x 10-13 
4.5 x 10-138 

4.7 x 10-13 

4.4 x 10'- 

5.4 x 10-13 
7.3 x 10-13 
6.7 10-13 

4.0 x 10-13 
4.0 x 10-l3 

4.8 x 10-13 

4.6 x m-13 

4.0 x 10-13 
7.0 x 10-13 
6.7 x 10-13 

Satellites Reference 

Jacchia (1958b) 
Sterne (19584 
Sterne (1958a) 
Harrib and Jastrow (1958)b 
Royal fircraft (1957) 
Sterne and ~I.h.r37.ing (1958) 
ELBlTis and Jastrow (1958)b 
Sterne and schu ing  195s) 
Sterne and S c h i l l i n g  I 1958) 
Sterne (1958a) 
w-ck (1958) 
Priester and others (19%) 
Sterne and S & i U i n g C  
Sterne and schillingc 
Gmves 1958) 
Groves I 1958) 
Groves (1958) 
Groves (1958) 
w mservatory ( 1 9 ~ )  
Groves (1958) 
Sterne (19%) 

Result of early calculations which have been superseded by later studies, 
based on the sane orbital inf+onnation. 

a 

Ham.is aad Jastrow have published three suggested extrapolated variations 
of density w i t h  altitude. 
the actual mean density value derived by them f m  Minitrack obsemations 
for the perigee altitude of 232 +5 - Inn at the epoch given. 

WpLibliShed. 

Ihe value of 1.5 x 10-13 @/ad appears to be 
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1. Abospheric temperature 

Direct temperature measuranents have not been made in the 

upper atmosphere. However, temperature can be detexmined 

indirectly frau the altitude dependence of the densitymeasure- 

meats. Accordin@; to the fornula for density, the temperature 

of the air is obtained directly A.can the slope of a logaxithuic 

plot of density versus altitude. 

collaborators detezmined atmospheric temperatures at altitudes 

By this method, LaGow and his 

between 150 and 200 km over the White sards Missile Range in 

&w Mexico and the Fort Churchill range in the rannnian auroral 

zone. m y  found that during a suppner day the temperature of 

air at 200 km in the auroral zone is approximately 3000K (U.), 

compared With a relatively cool l l O O K  over New Mexico. 

This analysis leads us to a picture of the upper atmosphere 

in which densities in the auroral zone are controlled by the 

Van Allen layer, while densities outside the auroral zone are 

relatively indepemient of  latitude. 

we must consider two distinct models of the atmosphere. (10) 

JX’ this picture is correct, 

S c h i l l i n g  and Sterne (12) state that in older to be con- 

sistent with the density data observed by satellites, the 

atmospheric temperature at or below these altitudes must also 

be higher thaa that previously thought. m e y  further state that 

in the distribution of the molecular scale temperature with 

height we must consider seriously the possibility that a close 
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correlation exists between temperature and the variation of 

electron and ion density w i t h  altitude. 

a constant temperature gradient, we would investigate the 

plausibility of humps of high temperature in the Fly IF2, and 

(3 regions of the ionsophere. 

Instead of assuming 

For temperatures f'ran 100 to 210 kilaneters over Fort 

ChurchiU, Horowitz and I s G o w  (ll) derived values fnmn rocket 

data (See Table 5). 

'Ihe temperature distribution above 250 km is still open 

to considerable uncertainty insofar as direct evidence fram 

satellite data is concerned. However, the data are of such 

a quality that w i W  the f'ranework of a particular theoreti- 

cal or semitheoretical model the temperature distribution can 

be detelrmiaed with a fairly muall uncertainty. C. A. Whitney 

(8) derives temperatures fmn a model of the atmosphere based 

on satellite data (See Table 6). 

'Ihese temperatures are much lower than those given by 

Horowitz and Lacow f o r  cauparable altitudes. However, they 

are more nearly of the order of magnitude generally accepted 

currently. A fair amount of this difference can be accounted 

for by the difference in assumptions for the model froan which 

the calculations were made. Horowitz and IaGow are currently 

prepring a paper on ~-~ data, showing temperatures 

a r o a  1800% at 200 km. 
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Table 5. Atmospheric fPermperature Over Fort Chur&ill 
B. Horowite and H. E. taGow (U) 

100 

ll0 

120 

130 

140 

1% 

160 

170 

180 

190 

200 

210 
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Table 6. Atmospheric Temperature Derived 
f r a u  Models of the Atmosphere 

C. A. Uhitney (8) 

2. Satellite temperature 

The temperature of the satell i te i tself  will be deteanined 

almost canpletely by the radiation absorbed snd reradiated (26). 

Ihe heat transfer at these low densities, even at the high 

velocities, w i l l  be negligible and the internal power dissemi- 

nation m u s t  be negligible due t o  payload restrictions (15). 

For example, a black body at 300% radiates 40 m i l l i w a t t s / & ,  

while if a l l  the energy of the colliding molecules a t  300 

kilometers was absorbed, the energy input averaged over the 

surface area could only be 0.01 m i l l l w a t t / & .  
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lbdiant energy sources are direct sunlight, reflected sun- 

light, and infrared radiation frau the earth. By selecting a 

material with proper emissivities in the infrared and the 

visible range, it is possible to adjust the temperature of the 

satellite. 

Interpretation of satellite ( ~ ~ @ . o r e r s  I and 111 ard pio- 

neers I11 aad IV) measurenents has been carried out by B. P. 

Buwalda, Hibbs, and ffhostesten of the Jet -pulsion M o r a -  

tory (16). 

adequate temprature control could be achieved simply by 

coating a certain fraction of the case with a suitable 

material (25). 

aluminum oxide was chosen and was applied to the stainless 

Ihe results of the design study indicated that 

For the satellites, the ceramic material 

steel case by a f l m e - s p ~  pmcess. 

!&e purpose of the testperaturn measurements w a s  to verify 

the predictions of temperature enviroment which were made 

during the design phnne of payload developnent. 

of these measurements not only verified the results of the 

design study but also demonstrated the adequacy of measurement 

used to detelmine radioactive properties of the materials 

involved. Apparently, neither the envirornaent encountered 

during launching nor that encountered during the subsequent 

orbit produced any changes in the surface which would be 

measured in terma of temperature (20) .  

!&e results 

9be temperature of a satellite is dependent on (17) : 

1. Orbital characteristics 

2. Surface properties, especially emissivities, 
of skin and of internal surfaces 



3. 

4. 

5 -  

6 .  

7- 

a. 
9. 

10. 

‘Ihe attitude of the maaentm vector of a 
spinning satell i te t o  the dinxtion of the sun 

%e attitude of the spin axis t o  the direction 
of the sun 

!!%e attitude o f the  satel l i te  and attitude of 
the mauentum vector t o  the center of the earth 

Heat capscity of skin and of instruments 

Conductive snd radiative heat transfer between 
skin snd instruments and between par ts  of the 
skin 

Internal heat release of instruments 

Aerodynsmic heat- for satel l i te  with a 
perigee of 200 miles o r  lower 

I r o m t e n t a l  coaditions such as solar canstant, 
albedo, earth radiation 

Ihe on-board instrument teraperatures can be controlled 

between ooc and 65Oc during an operating t h e  of 60 t o  90 days. 

!knpemture variations of the skin can be kept between -30° 

and ~ O O C .  

t o  the folloKing Wues  (17): 

me temperatures of the ~ ~ 1 0 r e z - s  were controUed 

I 20 4 0  0 

In: 20 41 O* 

Iv 40 55 19 

* Actual temperature lower, but no measurements 
because transmitter ceased operating. 
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The first upper air tables based on satellite observations 

were publiahed October 1958 by KaUman and Juncosa (1). 

give values of atmoapheric pressure fmm 9 to 800 km which are 

reprodkcmi here in =le 7. 

mey 

Homwitz and Iacow (ll), in an earlier paper based only on 
suanner-day rocket data in hhe auroral zone, give the values fmn 

100 t o  210 km (see Table 8). 
on fall-- data, they find that there is no significant dif- 

ference in pressure between fall and slamrer. 

In a new paper they are preparing 

Table 7. Atmospheric Pressure with Altitude 
E. K. IbUmn and M. L. Juncosa (1) 

700 
750 
800 

2.3 x 100 

5.3 x 10-1 

1.2 x 10-2 

2.1 x 10-3 

6.5 10-4 
2.5 10-4 
1.1 x 10-4 
5.6 x 10-5 
2.9 x 10-5 
1.6 x 10-5 
8.7 x 10-b 

5.0 x loW6 

2.9 x 10-6 

1.8 x 

1.2 x 10-6 
8.3 x 10-7 



Table 8. Atmospheric Pressure w i t h  utitude 
R. Horowitz and E. E. W w  (11) 

110 6.5 x 10-5 8.6 x 10-2 

120 2.1 x 10-5 2.8 x 10-2 

130 1.3 x 10-5 1.7 x 10-2 

140 9.9 x 10-6 1.3 x 

150 8.2 x 1.1 x 10-2 

160 7.1 x 10-6 9.4 x 10-3 

170 6.3 x 10-6 8.4 x 10-3 

180 5.7 x 10-6 7.6 x 10-3 

190 5.1 x 10-6 6.8 x 10-3 

200 4.6 x 10-6 6.1 x 10-3 

210 4.1 x 10-6 5.5 x 10-3 
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III. AIIMOSPBERIC CCIBoGI!rIOR 

A. chemicsl (lagposition 

B. Ionization 
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A. Chemical Canposition 

Fran rocket-borne -le bottle and mass spectrometer 

investigations in the past ten years we now know that the 

average molecular weight remains constant to about 100 

kilometers. Below 100 km, the most important problem at 

present is the study of the abundance of the trace elements 

(18). 

the lighter elements becaning more abllnrlnnt. 

photochemical dissociation produces atconic m n  and 

nitrogen . 

Above 100 Inn, diffusive separation takes place w i t h  

In addition, 

The relative concentrstions of 0, I?, 02, and H2 above 

90 km are not known and estimates vary by at least an order 

of magnitude. 

established the level at which the diffusive separation of 

argon and molecular nitrogen becanes effective in the arctic 

atmosphere and indicates that the ratio o/% 1s d e r  in 

the arctic atnosphere between 120 and 200 km than most pre- 

vious estimates of this ratio. 

Exper&uental work w i t h  BWS spectraneters has 

By assuming that and 0 are the important atauospheric 

constituents between 140 and 600 Inn, and that the temperature 

at 140 Inn is W O K ,  C. A. Whitney (8) derives the counts for 

% and 0 from 140 lun to 600 lau as shown in Table 9. 

L. E. Miller, in 1957, also made theoretical estimates 

of what the canposition of the atmosphere must be up to 550 km. 



His straightfoxward paper (2'7) covers all the eleaents and is 

the basis of the assumptions about canposition for the "U. S. 

Extension to the ICAO Standard Atmosphere" issued in 1958 by 

the Air Force capibridge Research Center and the U. S. Weather 

Bureau. 

idea of their relative magnitude fropa 0 to 260 km (21). 

Figum 5, f'ran the same source, shows the atmospheric con- 

stituents from 60 to 550 k. 

figure 4  show^ what these gases are and gives sane 

Obviously, different models are obtained, dept?rd.ing upon 

the altitude at which it maybe supposed that the major 

atmospheric constituents w i l l  begin to f o l l o w  the diffusive 

equilibrium l a w .  In the model fm which these graphs are 

derived, it was assumed that diffusive equilibrium for the 

main constituents of the atmosphere becomes effective at 

180 km. 

minor canponents of the atmosphere has been neglected. 

me effect of rare gases, except argon, and other 

Tbe nlmiber density of atmospheric constituents, as 

calculated by L. E. Miller, is shown in Table 10. 



Table 9.  Atmospheric Properties 
C. A. Witney (8) 

0 le2 
(W ~unber/cm3 wer/an3 

140 1.39 x loll 1.03 x lol l  
175 4.01 x l&o 1.40 x lol0 

200 1.94 x lol0 4.26 x 109 

250 5.58 x 109 5.47 11 108 

300 1.94 x 109 9 . 9  x 107 

350 7.80 x 108 2.10 107 

400 3.44 x 108 5.36 x lo6 
450 1.85 x lo0 1.92 x lo6 
500 8.30 x 107 5.00 x 105 

600 2.47 x 107 6.55 104 



b . 

Teble 10. mrmber Density of Atmospheric Constituents 
L. P. U e r  (q) 
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B. Ionization 

3cn all regions of the earth's atmosphere, a primary problem 

is the measure of the canposition of the ions (18). 

for  the purpose of understsnding the secondary reactions which 

take place as the gas is influenced by sunlight. 

necessary for a ccqle te  understanaing of the behavior of the 

ionosphere. 

ions is greater than the number o f  neutral particles. 

l h i s  is done 

llhis is 

Above lo00 km, it is estimated that the number of 

mectron density profiles for the 80 t o  250 km altitude 

range are available f'zwn at least 10 and perhaps as many as 20 

rocket flights. 

between 250 and 500 km by both Russian and U. S. scientists. 

!these measurements show that the m i m e  ionosphere does not 

consist of sepamte layers. 

regions of relative maximum ionization blend gradually together 

With only minor valleys in the ionization distribution versus 

height. Superhposed upon this continuum are occasional very 

high ionization gradients. Studies of rocket-to-grouad radio 

propagation reveal considerable fluctuations in  the received 

signals which are probably due t o  multipaa traaemissions 

resulting frasr inhanogeneity in the ionospheric structure. 

Ihe absorption of radio waves has been accurately measured in 

the Pregion and the collision frequencies calculated therefmm 

were shorn t o  be a t  least three times mnaUer than was generslly 

A f e w  measurements were made at altitudes 

It was found instead that the 

- . .I I ~ . J . . ; - s J  < 1 1 -  
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believed to be the case. 

strictly a &region phenawnon with no significant effects 

noted above 100 h. 

winter solstice showed that electron densities in excess of 

10 6 el/cc were present in auroms, whereas densities of only 

104 were present in the absence of auroral activity. 

spectruneter studies in the ionosphere reveal that the most 

important positive ions are those of nitric oxide, molecular 

oxygen, and atomic oxygen. Above Fort Churchi l l  it was found 

that as the altitude increases from 100 km to 150 km to 200 km 

the order of relative abundance of positive ions during the 

The polar blackout was shown to be 

Two night flights coducted near the 

 ass 

aayt- chnrures from (4, loat-) to (Rbf', 4, at.) to (ot, N&, $1; 
but at night, the N& is more prevslent at the lower altitudes (19). 

(*e ~igures 6 and 7). 

Although highly publicized, the satellite measurements of 

electron densities have to date been relatively crude. 

based primarily upon propagation studies and required the 

assuqtions of unifonn horizontal structure asd single 

both of which are known to be incorrect. 

in siepals received fran satellites, particularly fmn above F2 

maximum, are evidence of horizontal gradients and globular 

irregularities. 

show that in the region fmn 250 to 950 Ism, the principal posi- 

tive ion is mass 16, Ot-, w i t h  a m u d l  percentage of mass 14, rmt. 

They were 

paths, 

Severe fluctuations 

Nass spectruneter data obtained fran Sputnik I11 



t 

A. Meteorparticles 

B. lllcrolieteorites 
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A. Meteor particles 

Meteor particles that are large e n o m  to do structural 

can be detected as they enter the earth's atmosphere. 

Hence, their  density in the vicinity of the earth is fa i r ly  

well known. 

damage is extremely nmnl. 

but penetrating particles is also s m a l l  if skin thickness of 

It can be stated that the probability of such 

'Ihe probsbility of damage by tiny 

- inch of metal o r  greater is used. However, very long 100 

flights, such as are eqected of high altitude satellites, 

may experience one or more m t s  during l i f e  (3). 

With a simple theory, the probabilities have been calcu- 

lated (28) that surfaces in space in the neighborhood of the 

earth may be punctured by meteoric action (See 'Fable U) . 
Ihe table shows these calculations for  meteors w i t h  mass up 

to 25 graDps. 
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-le 11. Data Concerning Meteoroids and 
Ihe ir  Penetrating Probabilities 

F. L. Whipple (28) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
32 
13 
14 
15  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 

~- ~ 

25.0 
9 -95 
3.96 
1. 58 
0.628 
0.250 

9.95 x 10-2 
3.96 x 
1.58 x 10-3 
6.28 x 10-3 
2.50 x 10- 
9.95 x 10- 

6.28 x 10-5 

3.96 x 10-6 

6.28 x 10-7 
2.50 x 10-7 

3.96 x 

6.28 x 10-9 

3.96 x 1oo1o 

6.28 x 10-11 

2 
3.96 10-4 
1.58 x 10-4 

2.50 x 10-3 
9.95 x 10-6 

1.58 x 10-6 

9.95 x 10-8 

1.58 x 10-8 

2.50 x 10-9 
9.95 x 10-l0 

1.58 x 10-10 

2.50 x 10-11 
9.95 x 10-32 

~ - _  __ - 

49,200 28 

26,600 28 
19,600 28 
14,400 28 
10,600 28 

5740 28 

36,200 28 

7800 28 

4220 27 
3110 26 
2290 25 
1680 24 
1240 23 
910 22 
669 21 
492 20 
362 19 
266 18 
196 17 
144 16 
io6 1 5  

78.0 1 5  
!37 -4 1 5  
39.8* 1 5  
25.1* 15  
15.8* 1 5  
io.o* 15  
6.30" 15  
3-98* 1 5  

1.00 15  

2.51* 1 5  
1.58* 1 5  

1.0 1014 
3.98 1013 
1.p 1013 

2.51 x 1012 
1.00 x 1012 
3.98 x loll 
1.58 x 1 s  
5.87 x lo l0  

7.97 x 109 

1.07 x 109 
3.89 x 108 

5.10 107 

6.31 x 1012 

2.17 x l o lo  

2.93 x 109 

1.41 x 106 
1.83 x 107 
6.55 x 106 
2.33 x lo6 
8.20 x 105 
2.87 x 105 

4.55 x 1 
1.81 x ldc 
7 . u  x 103 
2.87 x 103 
1.14 103 
4.55 x 102 
1.81 x 102 
7 . u  x 10 
2.87 x 10 
1.14 x 10 

Pen. No. strik- 
i n A l  ingearth 

21.3 --- 
15  -7 
3-3.. 5 

(cm) per day 

--- --- --- 8.48 
6.24 --- 
3.38 5.84 x 10 
2.48 1.47 x 109 
1.79 3.69 x 109 
1.28 9.26 x l@ 
0.917 2.33 x lOlo 
0.656 5.84 x lolo 
0.469 1.47 x loll 
0.335 3.69 x loll 
0.238 9.26 x loll 
0.170 2.33 x ld12 

0.0859 1.47 x 1013 
0.0608 3.69 x 1013 
0.0430 9.26 x 1013 
0.303 2.33 x lol'c 
0.0164. 1.47 x l$5 
0.0121 3.69 x 1015 
0.00884 9.26 x lG5 
0.00653 2.33 x 101; 

0.00353 1.47 x 1017 

0.00191 9.26 x 1017 
0.00141 2.33 x lg8 
0.00103 5.84 x 1G8 

4.59 2 x 10; 

0.121 5.84 x 1012 

0.223 5.@tx1@4 

O.odiB0 5.84 x lol 

0.00260 3.69 1017 

NO. strik- 
ing3m 
sphere 
3Per 

--- 
2.22 x 10-5 
6.48 x 10-5 
1.63 10-4 -4 4.09 x 10 
1.03 x 10-3 
2.58 x 10-3 
6.48 x 10-3 
1.63 x lom2 
4.09 x 10-2 
1.03 x 10-1 
2.58 x 10-1 
6.48 x 10-l 
1.63 
4.09 
1.03 x i o  
2.58 x 10 
6.48 x 10 
1.63 x 102 
4.09 x 102 
1.03 x 103 
2.58 x 103 
6.48 x 103 
1.63 x Id) 
4.09 x 104 
1.03 x 105 
2.58 x 105 
6.48 x 105 

* WxiPnan radius penuitted by solar light pressure. 
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B. Micraneteorites 

Explorer I contained two devices for the measurements of 

micraoleteorite activity. The first device, which was also 

carried on Bxplorer In, consisted of a set of 12 wire gauges. 

rpllpsCt by micraerteorites approxjmstely 10 microns or  more in 

dimeter causes fracture of such a gauge. The second device 

was a micrup?acme mounted against the outer akin. 

of micruneteorites apprcxhmtely 4 microns or more in diameter 

Ihe impact 

vas detected by this microphone. 

The total data saapled by the microphone on Explorer I 

over a period of twelve days of telemeter- consisted of 

78,890 seconds of telenetered data w i t h  an excellent signal 

to noise ratio (4). 

impacts by miermeteorites were recorded. 

to 1.7 x loo2 impacts/metez?/sec on the earth. 

of micraneteorite impact upon the satellite may vary between 

D W ~  this time 153 s w s  denotm 

a i s  is equi,valent 

'Jhe velocities 

10 km/sec ~ n b  70 km/sec. 

30 ka/sec, the particles striking the satellite had a mass of 

8 x 10-l' grapps 02 larger, if no lare deviations in manentun 

transfer occur during the folmation of hypervelocity craters. 

'Ihis is equi-t to an influx of 6 x 102 tons per day. 

~ssurming a mean impact velocity of 

If one assumes that the distribution of cosmic dust is not 

much different fran that given by Watson, the total accretion 

rate of extraterrestrial dust upon the earth may be estjmated 

at 10,OOO tow per day during the month of February 1958. 
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'pable Egives the results of the "A" sad I'B'' bta for each 

day. 

noise r a t i o  rrrd ma quite easily read. Class 'Brl was readable 

w i t h  sane difficulty, aod Class "C" was noisy snd questionable. 

Both "A" azxl *B" telemetering signal t b e s  were noted for each 

station, arpd the number of switches of the subcarrier osclllator 

or hits is recorded. 

class "A" t i m e  of 78,895 seconds. 

percent of the total time of telemeter- w i t h  the high power 

trapsmitter. 

seconds of "B" t he .  

hits/sec, canpares w e l l  w i t h  the "B" rate of 2.3 x 10-3 hits/sec. 

A Large fluctuation fnxa day to day is noticeable. Qn 5 February 

and 8 ]February no hits were =corded. 

Class ''A'' -resented a s- w i t h  an excellent signal t o  

mere were 153 h i t s  recorded in the total  

This represents nearly 8 

mere were only 12 hits recorded during the 5,308 

'Ihe rate of class "A" hits, 1.94 x 10-3 

A diurnal depePaence is evidenced in  that nearly xxlnety 

percent of the hits occurred on the dawn side of the earth 

between the hours of midnight and twelve noon. 

20 hours there were 16 h i t s  and are probably a micraueteor 

"shower". 

88 an order of -tude is evident fran the data. 

A t  16, 18, aad 

A variation fmn day to day of the flux late as large 
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A low transmitter on both Explorer I adL E q l o r e r  III 

carried data f h n  the wire &auges. 

wire gauges was broken during the lifethe of the telemeter- 

system on Ibtplorer I and it is possible that none was broken (5). 

Data fmsl Explorer III showed no wire gauges broken frma 

26 YIarCh 19% to 6 Bky 1958. 

and 0232 GM?! on Xay 7, two of the gauges were fractured. 

that, within a few days there was a failure of a l l  electronics 

on the satellite. 

encountered w i t h  meteor damage subsequently destroying &he 

electronics, or there could have been an electronics failure 

which first manifest itself in the meteorite gear. 

Ro more than one of the 

%en, between 2243 my ltay 6, 

After 

a i s  ape= the possibility that a shower was 

The shower Eta Aquarides, which has been associated with 

Ealley's occurs durin& the earlypart of m, reschiag its most 
intense activity on about M y  5. 

implication that the f'racture of these gauges was associated 

with a meteor shower. 

'Ibus, there is a stroag 

Honeer I had a surprising paucity of impacts (6). m e  

flux seems to decrease away fran the earth. 

hours to 60,OOO miles, there we= ll hits o f  l o w  maaentum. 

mean flux becanes 9 x 10-3 Bf2 sec'l in the manentun range of 

3 x 10-4 to 10-2 gmm-centimeter/sec. 

above 10-2 gram-centimeter/sec there was only one count. 

does appesr to grow with decressirrg munentum. 

In the first nine 

The 

~n the manentun cuss 

Flux 
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Pioneer I1 was launched on November 8, 199 but these data 

w i l l  not be cited here because there was evidence of interference 

and also the d& sample wa6 too smal l  for validity. 

Of particular hportance in evaluating t h i s  data is the 

product of the sensitive area ami the time of exposure. 

Satellite vehicles are ideal for obtaining long t i m e  exposures. 

~ e l t a  1958 with magnetic storage has an estimated area-time 

product of loll m2sec. 

the next largest area-time product of 2 x 108 cm2sec and 

Pioneer I is  next w i t h  4 x 107 cpl2sec. 

product for  the wire gria eqerlment is cauparable to  that of 

Pioneer I, the sensitivity of the experiment was not hi&, and 

hence the to ta l  mmiber of events sampled is inadequate for 

s ta t is t ical  vctlidtty. By the sane reasaning, the data Avlm 

most of the rocket flights cannot be weighted very strongly; 

these flights have minly been tests for l a te r  satel l i te  

experhents . 

~ l p a t t r  1958 without dats storage has 

~ l t h o w  the area-time 

An important part of the problem is the calibration of 

the detection system. In several cases hypervelocity cali- 

bration t o  velocities of 5 Wsec were used t o  detelmine the 

mass of the impacting particles. 'Ihe equipnent on Alpha a& 

Gama 1958, and Pioneer I, was calibrated in this manner. 

Large daily variations have been found in  the data fmpn 

Alpha 199, and this may explain the difference in the influx 

rate relative t o  Pioneer I. 
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'lhe reports of the Soviet data Arm Delta have been 

puzzling (29) since the early reports by lkzarova in Moscow 

and Krassovsky in Amsterdam were several orders of magnitude 

higher than a later report by LJazarova and the lowest average 

inpact rate by Kcanissarov et alia. 

fmn the cosmic rocket a m a r  rather high also. 

velocity calibration by Kells indicates that the crystal 

transducer is sensitive to the impulse of the impact; the 

Soviet calibrations do not confinn this as indicated by 

sensitivities shown in Table 13 for Alpha 1958 and Delta 1958. 

Although the sensitivity in the mass column is equivalent, 

the manentun sensitivity differs by a factor of 40. 

'Ibe b p w t  rate results 

%e hyper- 

azuS, although the best data samples were obtained on 

Alpha 1958, Delta 1958, Ploneer I, and the Vanguaxd, there 

are still discrepancSes that require clarification. 

data sample appears to be from Alpha 1958 for which 153 events 

were recorded. 

grossly inadequate. 

calibration of sensor systems and data acquisition, using 

effective --time exposures for mapping the distribution 

of matter in the interplanetary space. 

The best 

'Ibe presently available data samples are 

Much work has yet to be done, both on 

Only Arm direct measurements of the space density of 

meteoritic material and the impact effects upon a space vehicle 

may the astronautical designer accurately deteIIpine the hazsrds 
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aad design requirements f o r  interplanetary space ships. 

direct measurements, however, are difficult  t o  c a r 4  out 

because the interplanetary material is distributed in  a randau 

manner. In order t o  obtain a s ta t is t ical  saprplhg of direct 

impactsJ the sensor m p s t  be la rge in area ami exposed t o  the 

space envirornaent for a long t h e .  

very smal l  mass are relatively more numerous than the laz?ger 

particles, this cclpponent of the interplanetary matter has 

been subjected t o  the firstmeasurements. 

requiring solution by direct measurements fzwn satellites, are 

a large number of problems associated with interplanetary ma*- 

rial a t  one astronanical uni t  from the sun. A good stat is t ical  

sampling of micmmeteoroids t o  detelmine their  maes distribution, 

shower effects, daily and seasonal. variations, is of interest. 

Velocities aa3 directions may be measured to  determine their 

orbits. 

penetration, and other effects associated with lmpacts at 

velocities as hi& as 70 km/sec. 

may be answered in a direct manner using the satel l i te  of the 

earth as a laboratory. 

Such 

Because micrometeorites of 

S t U  unknown and 

Much more infonuation is needed to  understand cratering, 

more  problems exist and 

Table 13 is a summary of most of the information avaFlable 

t o  date fran direct measurements fmm rockets, satellites, and 

space probes (a). 
flights have not been included. 

Data frcnn a number of l o w  altitude rocket 

Additional data fran Delta 199, 

IF10 
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Mechta, azxl Eqdorer VI soon be available. For all the 

fliats listed., vibration transducers or microphones were 

used as sensors except on the Aembee of 17 IQbveniber 1955, 

on which a li&t flash detector was used, slpd the wire grid 

experiment on Al- 19% and ckmnn 19%. 
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A. Van Allen Radiation Belts 

B. Cosmic E)Bdiation 

C. Auroral Particles 

D. Biological Exporsure 
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A. Van Allen Radiation Belts 

One of the most spectacular results of space research has 

been the discovery of the radiation belts around the earth. 

fmm Pioneer probes and Btplorer satell i tes have yielded a general 

idea of the ccarposition and extent of this  region of intense 

radiation. Figure ll is a graphical atteapt at illustrating 

the relative intensities and the geographical distribution of 

these belts. Figure 13 is a pictorial repmzsentation. This 

region appears t o  be cuuposed of charged particles trapped in 

the magnetic field of the earth, and with energy levels ranging 

fran those encountered in  auroras up t o  those of cosmic rays. 

Measurements t o  date indicate that a portion of the more pene- 

trating radiation i n  the inner region of the belt  consists of 

protons. 

products of fas t  neutrons of the earth's cosmic ray albedo. 

The remainder of the Van Allen Belt is probably of solar origin. 

Results frm the Soviet satell i te experiments appear t o  be con- 

sistent w i t h  those of Van  Allen. 

"Mechta" has shown that a portion of the radiation in  the outer 

region of the Van Allen Bel t  is cmposed of electrons w i t h  

energies of a few tens of Kev. 

Dsta 

One explanation is  that these protons an? decay- 

The Soviet deep space probe 

Several maps showing contours of constant counting rate 

based on satel l i te  information have been made f o r  various geo- 

graphical longitudes. 

Figure 8. 

me such contour map (22) is  shown in 
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Ime contour lines shown on this diagram represent the lower 

limits of two  separate belts of charged particles trapped in the 

earth's magnetic field. 

diminishes very rapidly at the lower limits of these belts. 

lhis sudden decrease is undoubtedly due t o  absorption a d  

scattering of the charged particles by the earth's atmosphere. 

Observations begun w i t h  the Explorer satel l i tes  were pro- 

jected t o  extreme altitudes by the Geiger counter measurements 

taken on board Pioneers III a& IV. 

rate obtained fmn the Anton 302 tubes carried i n  Pioneers 111 

and IV, plotted sgainst distance fran the center of the earth. 

Figure 10 shows the current obtained from the Anton 213 tubes 

flown on Pioneers 111 and IV plotted against distance fra31 the 

center of the earth. As can be 6een in Figure 9, two distinct 

maxima are obtained fran the 302 tube when the data are plotted 

against distsnce fran the earth. Data fran the 213 tube carried 

on Pioneer 111 also show two maxima. However, on the Pioneer N 

f l igh t ,  only the first maximum is clearly indicated frcsn the 213 

tube. 

Pioneer IV the 23.3 tube vas shielded with lead (20). 

absence of a ~ y  indication of the higher belt  fran this tube leads 

t o  the conclusion that the particleer of the higher belt  have less 

energy than those of the lower belt. In particular, the energies 

of most of the particles must be less than 10 mev if  they are 

The density of charged partiQles 

Figure 9 shows the counting 

This point is quite significant, since in the payload of 

!rhus the 

1 < 11 
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protons or 50 mev if they are electrons. On the other hand, a 

large fraction of the particles in the lower belt appear to have 

energies in excess of this. 

Bese results on relative energy values agree with those 

obtained frcrm the Explorer satellites. 

IV indicated that the radiation encountered near the magnetic 

equator when the satellite was traversing the low-altitude edge of 

the inner radiation belt was more penetrating than the radiation 

encountered at high magnetic latitudes when the satellite was 

going through the low-altitude region of the upper radiation belt. 

!Be results from Explorer 

A diagram of the probable shape (23) of these two belts is 

shown in Figure 11. 

I11 plotted in geamagnetic coordinates. 

tinct points along the trajectory are indicated by the contour 

lines drawn through these points. At low altitudes, these con- 

tour lines coincide with those discovered by the Explorer satel- 

lites. 

sonably fit the data obtained frcm Piqneer 111. 

contour lines in regions not actually traversed by this probe 

are speculative, but as d.rawn they are consistent with both the 

satellite data and the data obtained fmn Pioneer 111. 

ais diagram shows the trajectory of Pioneer 

Counting rates at dis- 

At high altitudes, the contour lines are drawn to rea- 

Of course, the 

Although the peak intensity of both radiation belts 

encountered by Pioneer IVappears to occur at the same altitude 

as those encountered by Pioneer 111, the extension of the belt 

beyond this maximum is quite different for these two probes. 
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For Pioneer 111, the belt appesrs t o  end at an altitude of 

approxhmtely 60,OOO Ion following a steady decrease in counting 

rate to  ma amparent asymptotic value. Beyond that the count- 

rate is very nearly constant. 

results are obtained. loot only does the belt appear t o  extend 

t o  much mater altitudes, apparently not terminating unt i l  an 

altitude of about 91,OOO km is reached, but furthermore as the 

edge of the belt is approached the decrease of radiation is not 

at alJ. steady. 

For Pioneer IV quite different 

Several strong fluctuations are observed. 

A6 t o  the Origin of the intensity found in the lower belt, 

one theory ha6 been suggested by several authors. lhis is the 

theory that the particles which make up the lower belt  have as 

their source the decay of albedo neutrons, neutrons that result 

frosp primary cosmic-ray interactions with the atmosphere and are 

travel- in an outward direction fran the surface. 

of the particles t o  be expected from such neutrons (electrons 

with energies up to  782 kev and low-energy recoil protons) are 

consistent w i t h  the observations of the satell i tes and the w e  

probes. 

the activity in the aumral zones. 

The energies 

However, this source does not appear adequste t o  explain 

Ihe etren@h of the albedo 

neutron source i s  low by a factor of 10 4 below that required for  

the obselrrr~ intensities of radiation in the auroral zones. 

the explasation of solar supply for the upper belt  seems more 

likely. 

'Ihus, 
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The data taken during the remaining flight of Pioneer IV 

fram the apparent limit of the radiation belt a t  gl,OOO km out 

t o  the l i m i t  a t  which radio signals were received -- 660,OOO km -- 
show onlyminor fluctuations which appear t o  be within the 

expectations of statistics. 

cmpiled i n  a histogram shown in Figure 12. For this  histogram 

an event i s  the occurrence of 256 counts by the 302 Geiger tube. 

Ihe variable used i n  the histogram is  the length of time required 

for one such event. %e number of  events f o r  any particular t h e  

value is plotted vs the time value. 

a shape quite consistent with statist ical  expectations. 

me data in this region have been 

Ime resulting histogram has 

Two types of data are shown in Figure 12. Ime data shown by 

the darker shaded bars corresponds t o  a l l  of the data between the 

two limits. 

with the lighter shaded area. This particular region was treated 

separately t o  make sure that no unusual occmnces  were observed 

that m i g h t  be identified w i t h  the presence of the moon. It would 

appear that these data are also explainable as s ta t is t ical  

variations. !&is is  not too surprising, since the closest approach 

t o  the moon obtained by the probe was approximately 60,OOO km from 

the center of the moon. 

B e  data taken in the vicinity of the moon is shown 

It must be remembered that the nature and structure of the 

radiation zones as represented by the data so far obtained depend 

crit ically upon the nature of the detectors used i n  the probes. 
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Different detectors sensitive t o  different energies and types of 

radiation might give quite different results. 

of radiation activity above the earth's atanosphere can be con- 

structed only when much more detailed observations have been made 

with additional rocket flights into this most interesting region. 

A complete picture 



B. Cosmic Radiation 

Ala t i t ude  survey of cosmic ray intensities was carried out in 

1957 w i t h  rocket-borne instruments (34). 

flown was a simple geiger tube. 

Figures 14 SDd 15. 

!the principal instrument 

Sane of the results are shown i n  

'Ihe t o t a l  intensity above the atmos@ere at far southerly 

latitudes is the same within 55 as that at fax northerly latitudes. 

It is tibout 4.3 times as great as that near the equator. 

A t  altitudes below about lo00 km, the radiation measurements 

have indicated a cosmic-ray intensity which agree very well w i t h  

extrapolations made on the basis of experiments w i t h  high-altitude 

rockets and balloons. However, above loo0 Inn a sudden ancxwlous 

increase in  cosmic-ray activity has been observed. 
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C. Auroral Particles 

It is significant t o  note that the high latitude l i m i t  f o r  

those regions of the outer belt which descend t o  the limits of 

the earth's atmosphere is  very nearly coincident with the l o w  

latitude l i m i t  of the auroral  zone. 

the outer Van Allen radiation belt canes down t o  earth corresponds 

closely t o  the auroral  zone. 

nection between auroral displays and radiation activity in the 

outer belt. 

energies of particles observed on hi&-altitude rocket flights 

into the auroral zone correspond closely w i t h  the energies 

indicated from the data on Explorer IV in these high-altitude 

regions and by the energies indicated fram the differences i n  

readings between the two sets of counters in Pioneers 111 and 

N. !Bat is, the outer belt  contains principally low-energy 

electrons. 

%at is, the latitude where 

This suggests that there is  a con- 

This suggestion is  strengthened by the fact that 

Auroral  electrons were detected by Soviet scientists in an 

experiment carried aboard Sputnik 111 (7). Within the auroral 

zone, in the energy range of 200 t o  300 Kev, a flux of 10 4 

particles per cm2 per second was deduced as typical; while in 

the range 20 t o  60 Kev a typical flux was lo7 particles per cm2 

per second. 
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Do Biological b5tp0su~e 

It is not possible t o  assign a definite number to  the bio- 

logical exposure level of the observed radiation. 

insufficient information is available as t o  the energies and 

natures of the particles involved. For example, i f  the response 

of the detectors i s  due t o  electrons o r  X-rays, then the exposure 

levels near the maximum point of the two radiation zones are 

between 5 and 10 rhr. 
of the radiation which would lead to  a lower value. 

there are many types of radiation which would give a higher 

value of exposure level. 

t o  protons whose spectrum l i e s  i n  the tens of mev, the corres- 

ponding exposure is  about 50 t o  100 r/hr. 

assumgtions as t o  the nature of the radiation which would lead 

t o  even higher estimates of the exposure level. 

As yet, 

mere is no assumption as to the nature 

However, 

For example, if  the response is due 

mere are other 
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' .  A. Gama Rays 

A series of rocket experiments were conducted in 199 and 

1955 to measure the intensity of primary g;enana radiation and the 

albedo of the atauosphere at hl@ altitucles (33). 

rate showed little variation with altitude above the Pfotzer 

maxbum to the highest a2titudes reached by the rockets, nor did 

it exhibit any significant dependence upon direction. 

energy distributions measured in several flights are shown in 

'Ihe counting 

Typical 

figure 16. 
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B- X-ws 

A rocket which was fired during a solar f l a r e  gave positive 

evidence of X - w  emission (30). m e  X-ray flux extended to a 

short-wavelength l m t  of about 3A and included 5 x 10-3 

erg/cmo2/sec between 3A and 8A. 

intensity with altitude it was possible to deduce the shape of 

the X-ray spectrum. 

bution characterized by a 1.3 x 106 deg K source for the wave- 

lengths near 8A and 3.2 x lo6 deg K near 3. 

X-ray excitation may linger af'ter the primary flare event has 

dissipated. 

Fran the variation of the X-ray 

It could best be fitted to a thermal distri- 

It appears that the 

?he unpdictability and short life of a solar flare makes 

it very difficult to obtain rocket measurements of the X-ray 

radiation. 

made With ground launched two-stage rockets. In each case, strong 

X - r a y  emissions were observed. 

0.02 erg/cm2/sec in the m e d i u m  size flare. 

the maxinum depth of penetration w88 63.5 km, w i t h  a flux greater 

than 4 x 10-5 erg/&/sec at this level. ?he four rocket flights 

are shown in Table 14. 

As part of the ICY program, studies of flares were 

Ihe X-ray emission below 8A exceeds 

~n the large flare, 



Table 14. X-m -S 
E. Friedman et  al (30) 

bunching X-Ray x- Rey 
Time Penetration Wavelength X-Ray Flux 

Rocket (2) class Flare knl Angstroans erg cm-28-1 
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C. Ultraviolet 

(me major canponent of night-time ultraviolet falls within a 

wavelength band of 1 0 P A  t o  1225A w i t h  a lower l i m i t  of 3.4 x 

erg/cn$/sec for the flux. 

remains constant t o  the peak of rocket flights, about 150 km. 

me flux increases up t o  1.20 km a then 

Tsble 15 shows the absolute intensities of the 

violet emission lines adjacent t o  IJIIWI Alpha (3). 

intensities are upper limits since no contribution fran continuum 

intensity o r  weaker lines i s  included in the ccmputation. 

analysis used t o  obtain these values is no better than +l5$. - 

ultrq- 

Ihe l is ted 

The 

Table 15. Ultraviolet Ruission Unes 
E. T. Byram e t  sl (3) 

Spectrum line Wavelength Intensity 
(Johnson et  a&) (Angstroms) ergs/cm2/sec 

lVV 
Sll 
si 11 
si u, 
0 1  
0 1  
0 1  
si u. 
C l l  
C U  

1230. a 
1259.5 
1260.7 
1265.0 
1302.2 
1304 9 
1306.0 
1309 - 3 
1334.5 
1336 7 

0.010 
0.008 
0.012 
0.020 
0.039 
0.052 
0.064 
0.013 
0.32 
0.15 

0.49 Total 



. 

D. LymanAlpha 

About 94$ of the intensity from 1050A t o  1350A is in the 

Ignan Alpha line (31). 

entire night sky is aglow w i t h  diff'use 

t o  lo'* erg/cm2/sec from the entire hemisphere. 

Rocket measurements have shown that the 

A l ,  emission ano,unting 

'Ihe glow was 

so bright that celestial sources of Lyman Alpha could not be 

detected through it (32). 

mere is no evidence from rocket data for a large increase 

i n  Lyman Alpha emission (1216A) d u r i n g  a solar flare. Ihe observed 

Alpha intensity was  not significantly different fran the 

normal quiet sun emission measured before and after the solar  

flares (30). 

available as of 30 July 1958 (a). 
=le 16 lists a l l  the rocket Ipum Alpha data 
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Table 16. Table of ZJmran Alpha Measurements 
E. T. Byram e t  al (31) 

fntensity 
Launch above atmosphere Band Width 
Time (ergs cm-2s-1) Ins tnrmentation (Angst-) 

lo00 MST 
9/29/49 

2/17/50 
1101 MST 

$;:/F 
0644 MST 
5/5/52 

32/12/52 

2/2/54 

2/21/55 

W W 5 5  

lO/U/55 

11/4/55 

7/W56 

1238 MST 

0830 MST 

0830 MST 

1550 MST 

1715 MST 

0830 MST 

1915 VT 

%/2 
1600 CST 
7/29/57 

3/23/58 
1208 CST 

1-10 

0.4 

0.15 

0.10 

0.5 

1.6 

0.6 

5.7(-1, +3) 

4.0(+0.8) - 

9.2(j9.5) 

6.1 + 0 . 5  - 

6.7 +0.3 - 

6.1 +0.3 - 

6.3 w.3 - 

Photon counter 

'Ihemolumines cent 
phosphor 

Photon counter 

Photon counter 

Spectrograph 

Spectrograph 

SpectW3raph 

Ion chamber 

Ion chamber 

Ion chamber 

Ion chamber 

Ion chamber 

Ion chamber 

Ion chamber 

1100-1350 

1050-1240 

1180-1300 

1180-1300 

1100-1350 

1100- 13 50 

1100-1350 

1100-1350 

1100-1350 

1100 - 13 50 

1100-1350 
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Figure 3. Atmospheric Deaasity Derived fzwn a M e 1  
Based on Obeematiom frcsn Satellites 

E. K.  lCaUman &m2 M. I,. Jmcosa (1) 
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Piguln  14. Balloon and Rocket Phase Data at 5’ North. 
J. A. Van Allen and L. J. Cahill (9) 
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J. A. Van Allen and L. J. Cahill (9) 
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